Abstract The effect of the duration of symptoms on the outcome of lumbar decompression surgery is not known. The aim of our study was to determine the predictors of functional outcome of lumbar decompression surgery for degenerative spinal stenosis with particular emphasis on the duration of symptoms. In this prospective cohort study, we recruited 100 patients with a full data set available at 1-year and 85% at 2-year follow-ups: 49 females and 51 males with an average age of 62 (range 52-82). The pre-and postoperative outcome measures were Oswestry disability index (ODI), low back outcome score (LBOS), pain visual analogue score (VAS), modified somatic perception (MSP) and modified Zung depression (MZD) score. Dural tear occurred in 14%, and there was one post-operative extra-dural heamatoma. Overall, the ODI improved from a pre-operative of 56 (±13) to a 1-year ODI of 40 (±22) and at 2-year ODI of 40 (±21). The VAS improved from an average of 8 to 5.2 at 1 year and 4.9 at 2 years. There was a statistical significant association between symptom duration and the change in ODI (P=0.007 at 1-year follow-up, P=0.001 at 2-year follow-up), LBOS (P=0.001 at 1-year followup, P<0.001 at 2-year follow-up) and VAS (P=0.003 at 1-year followup, P=0.001 at 2-year follow-up). Subgroup analyses showed that patients with symptom duration of less than 33 months had a more favourable result. In addition, the patients who rated the operation as excellent had a statistically significantly shorter duration of symptoms. We have not found a predictive value for age at operation, MSP or MZD. The number of levels of decompression and the different types of decompression surgery did not influence the surgical results. Our study indicates that the symptom duration of more than 33 months has a less favourable functional outcome.
nal. Improved function would be an improved walking distance before the onset of spinal claudication. However, the functional outcome reported in the literature is variable. A meta-analysis conducted by Turner et al. [31] reported a success rate ranging from 26 to 100%. Katz et al. [17] have also shown that up to 40% do not benefit from the surgery. Various predictors for surgical outcomes have been studied in an effort to improve patient selection. A less favourable outcome has been associated with female sex [10] and co-morbidity. Specifically previous back surgery [1, 33] , diabetes [1] , previous lumbar spine fracture [1] , cardiovascular disease [33] , coexistence of bone and joint degenerative disease [1, 33] , degenerative scoliosis [7] , anteroposterior spinal canal diameter of more than 6 mm [14] , multi-level decompression [8] and patients associated with compensation or litigation issues [12] .
Few studies have investigated the effect of symptom duration on the outcome of surgery. As the symptoms are not life threatening and often progress slowly, there is usually adequate time to pursue conservative management strategies prior to contemplating surgical intervention. However, based on the evidence presented in the literature, the optimum timing of surgical intervention remains unclear. Johnsson et al. [15] concluded a more favourable surgical outcome in patients with symptom duration of less than 4 years. Herron et al. [12] and McGregor et al. [21] did not find any association between symptom duration and surgical outcome.
The objective of this prospective study was to evaluate the outcome and prognostic factors in a cohort of consecutive patients scheduled for lumbar decompression surgery. The specific aim was to ascertain the effect of pre-operative duration of symptoms on the surgical results over a 2-year follow-up.
Patients and methods
The study was carried out at Leicester General Hospital and the patients were recruited from a spine specialist's surgical cohort. The inclusion and exclusion criteria for this study are shown in Table 1 . Written informed consent was obtained from all patients. Patients were prospectively followed-up at 6 weeks, 3 months, 6 months, 1 and 2 years post-operatively.
The recorded pre-operative parameters include gender, age at operation, duration of symptoms (months), modified Zung depression score (MZD) and modified somatic perception score (MSP). The outcomes were assessed according to Oswestry disability index (ODI) score, low back outcome score (LBOS), a 100 mm visual analogue score (VAS) for pain and a subjective evaluation of the surgical results (excellent, good, fair, poor). We recorded both the absolute score and the change in ODI, LBOS and VAS between preand post-operative statuses. A reduction of more than 20% of the ODI score was considered clinically significant [29] .
All patients underwent posterior lumbar decompression surgery with and without fusion performed by the senior author only. Inter-segmental decompression and undercutting of the facet joint was performed to decompress the traversing and exiting nerve roots at the affected level. In multilevel stenosis midline laminectomy was performed with preservation of the facet joints wherever possible. Non-instrumented fusion was carried out as an inter-transverse fusion using autologous bone graft. Instrumented fusion was performed with pedicle screws and rods (AO USS). Indications for an instrumented fusion were patients with age less than 60, multi-level decompression, degenerative scoliosis, or significant retrolisthesis or spondylolisthesis.
The statistical analyses were performed using SPSS statistical software (version 12.0 for Windows, SPSS Inc, Chicago, IL, USA). The result of the operation was correlated to the pre-operative parameters, which include duration of symptoms, age at operation, MSP score and MZD score. Subgroup analyses were carried out using one-way analysis of variance. The statistical significance was set at P value <0.05.
Between 1994 and 2001, 119 consecutive patients with clinical and radiological signs of degenerative central lumbar spinal stenosis underwent decompression surgery. Nineteen patients were excluded from the study because they had revision decompression surgery. We prospectively followed-up 100 patients with a full data set available at 1-year follow-up and 85% at 2-year follow-up. Ten patients died of old age and five patients were lost to follow-up. Table 2 shows the baseline demographics for all the patients.
Ninety-four percent of the patients involved in the study presented with back and unilateral or bilateral leg pain. Six patients (6%) had only neurogenic claudica- tion. All the patients had received at least 3 months of conservative management that included physiotherapy and appropriate analgesia. Thirteen patients (13%) had received additional nasal or subcutaneous treatment with calcitonin. Eighteen patients (18%) received periradicular infiltration for radicular pain, 14 patients (14%) had epidural injection and 7 patients (7%) had facet joint injection prior to surgical intervention.
We also performed subgroup analysis to examine if the number of levels of decompression surgery and type of decompression method (i.e. decompression only, decompression with and without instrumented fusion) can influence the results of surgery. Table 3 shows the overall outcome of the results at 1-and 2-year follow-ups. Figure 1 shows the changes in the ODI score for all the available patients at 2-year follow-up. Thirty-nine percent of the patients had a significant reduction of at least 20% of the ODI score at 2 years. The recorded complications include dural tear (14%), extradural haematoma resulting in cauda equina syndrome (1%) and post-operative congestive heart failure (1%).
Results
The results of multiple regression analysis using change in ODI as the dependent variable is shown on Table 4 . The duration of neurogenic claudication was related to the change in the ODI score (P=0.004 at 1 year, P=0.001 at 2 years), the change in LBOS (P=0.001 at 1 year, P<0.001 at 2 years) and the change in VAS (P=0.003 at 1 year and P=0.001 at 2 years) at both 1-and 2-year follow-ups. The correlations between the change in ODI and pre-operative duration of symptoms can be further illustrated on a scatter plot graph as shown in Fig. 2 (Spearman rank correlation = )0.305, P=0.009)
We subdivided the patients into four quartiles to further explore the association between symptom duration and surgical outcome as shown in Table 5 . One-way analysis of variance had demonstrated significant statistical difference among groups of patients at 2-year follow-up (P=0.003). The group of patients with symptoms duration of less than 33 months had the greatest reduction in ODI score. The trends f outcomes measures, which include absolute value of ODI, LBOS and VAS over 2 years, follow-up among the subgroups are shown in Figs. 3, 4 and 5. In addition, the subgroup of patients who received surgery before 33 months of pain duration did not differ from the other subgroups regarding age, sex, number of level of decompression and type of surgery.
Among the 85 patients available for follow-up at 2 years, 68% of the patients expressed the outcome of the procedure as excellent or good. Figure 6 shows the level of patient satisfaction according to the subgroups of patients with different duration of symptoms.
We also subdivided the patients into groups according to the level of patient satisfaction as shown in Table 6 . One-way analysis of variance has shown that the duration of symptoms of a subgroup of patients who rated the operation as excellent was statistically significantly different from all the other groups (fair and poor). We did not find any statistically significant difference between the subgroups of patients with different levels of lumbar decompression surgery and types of decompression surgery using one-way analysis of variance and change in ODI as outcome measures at 2 years.
Multiple regression analysis did not show any predictive value for pre-operative MSP, MZD and age at operation with all the outcome measures at 2-year follow-up.
Discussion
Despite a heightened awareness of the natural history of degenerative lumbar spinal stenosis [15, 27] , the optimum timing of decompression surgery remains unclear. Early operative intervention was recommended in the past for the treatment of symptomatic spinal stenosis based on the view that the disease is always progressive [28] . However, Johnsson et al. [15] noted that 70% of patients' clinical status remains unchanged over period of 4 years. Although there is adequate time to pursue non-operative options, the duration of a trial conservative management remains unclear. Various long-term studies have also shown that they did not provide sustained improvement [6, 11] . A trial of aggressive nonoperative management with therapeutic exercise, analgesics and epidural steroids injection produce little or no improvement in 75% of the non-operated patients over an average period of 33 months [27] . Kornblum et al. [18] recommended surgery for patients who failed 3 months non-operative treatment. Fig. 1 Overview of results of change in ODI score for all available patients at 2-year follow-up Table 4 Association between predictors and change in ODI scores at both 1-and 2-year follow-ups as determined by multiple linear regression analysis
One-year follow-up Conflicting results have been found in several studies that have analysed the predictive value of symptom duration to the outcome of surgery [12, 15, 21] . A cohort study by Johnsson et al. [14] with a 5-year follow-up found that patients with symptom duration for more than 4 years had a less favourable result. In contrast, McGregor et al. [21] did not find any association between symptom duration and the outcome of surgery at 1-year follow-up. The difference in the clinical findings may be due to differences in the outcome measures used in the studies. The results are not comparable, as patients with longer follow-up period tend to have less favourable results. Three studies with followup between 5 and 10 years have shown that 20-30% of the patients had unsatisfactory results [4, 16, 26] .
Our prospective cohort study focused on the predictive value of symptom duration on primary lumbar decompression surgery using standard validated outcome measures that includes ODI, LBOS and VAS. Previous studies included patients who had other spine surgery and revision lumbar decompression surgery [12, 15] . We found a significant negative correlation between symptoms duration and the change in ODI (Table 4) , LBOS and VAS at both 1-and 2-year followups. Based on our subgroup analyses using the change in ODI as the outcome measure, the functional outcome was more favourable in those patients with duration of symptoms of less than 33 months. In addition, those patients who rated the outcome of the operation as Fig. 3 The trend of absolute value of post-operative ODI score (%) over 2-year follow-up excellent tend to have much shorter duration of symptoms compared to those who rated the operation as good, fair or poor (Table 6) . Neurogenic claudication may occur as a result of venous congestion, which leads to ischaemia, axonal damage and intra-neural fibrosis [27] . It has been shown that the prolonged compression of the cauda equina in a stenotic spinal canal can lead to nerve root ischaemia and demyelination [32] . An experimental study with porcine cauda equine has also shown that the recovery of nerve root function is dependent on the duration of compression [23] . Chronic pain can lead to permanent pathological changes in nociceptive transmission in the spinal cord [19, 24] . A previous study on the duration of sciatica and the outcome of lumbar discectomy has shown a relationship between duration of symptoms and functional outcome [22] .
We routinely use MZD and MSP as part of our assessment of patients' pre-operative psychosocial status in particular depression, distress and somatization. Three studies have shown that patients who are depressed or highly somatized tend to have a less favourable outcome for lumbar discectomy surgery [13, 30] . We did not find any predictive value of pre-operative MSP and MZD score for the outcome of lumbar decompression surgery for spinal stenosis. The differences in the patient characteristics of these two different pathologies may account for this clinical finding.
Our subgroup analysis has also shown that there was no difference in the functional outcome between patients Fig. 4 The trend of absolute value of post-operative LBOS over 2-year follow-up Fig. 5 The trend of absolute value of post-operative VAS (100 mm scale) over 2-year follow-up who had lumbar decompression only, decompression with inter-transverse fusion using autologous bone graft or decompression with instrumental fusion. Various studies support our clinical findings [9, 20] . However, it is obvious that there was a selection bias built into each group in our study. Decompression with instrumented fusion was more likely to be performed in patients with degenerative spondylolisthesis, radiological evidence of instability, decompression of more than two levels or patients aged less than 60. Interpretation that there is no difference between the different types of surgery is therefore not valid on the available evidence in this paper. Our study has shown that the number of levels of decompression did not influence the functional outcome at 2 years. Herron et al. [12] , Zheng et al. [33] and Turner's meta-analysis [31] had similar findings.
Conclusion
This paper contributes to the discussions between surgeons and patients considering lumbar decompression surgery. Although our study has shown that a prolonged duration of symptoms is associated with a less favourable outcome, the balance between the quality of life for the patient and risk assessment of co-morbidity should be carefully considered. Provided that the patient in not limited in the lifestyle or bothered by the symptoms, reassurance and watchful waiting are appropriate. Based on our study population, those patients with duration of symptoms of less than 33 months had a better outcome at 2-year follow-up. 
